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Abstract—This paper proposes a novel unequal power 
divider based on the ridge gap waveguide technology. Different 
from the conventional T-junction power divider, the unequal 
power divider is realized by using a half-height pin structure 
with an inserted conductor plane. The conductor plane is 
printed on a thin substrate for the mechanical feasibility. The 
power division ratio can be controlled by the position of the 
inserted conductor plane. In this paper, a 1:2 power divider is 
designed to verify this topology.  The reflection coefficient is 
below -20 dB from 26 GHz to 32 GHz with 20.7% impedance 
bandwidth and the amplitude discrepancy between the two 
output ports is about 2.92 dB. Meanwhile, the maximum value 
of the phase difference is below 12°. 
Index Terms—unequal power divider, half-height pin, 
inserted conductor plane, ridge gap wavegudie. 
I.  INTRODUCTION  
Millimeter-wave band is becoming increasingly popular 
and promising due to its wide available frequency bandwidth 
and short wavelength, which is essential for a compact high-
data-rate communication system. Conventional microstrip 
lines suffer from severe transmission loss due to dielectric loss 
and spurious radiation loss when working at high frequencies. 
Hollow waveguides have the best performance regarding the 
losses and power handling for millimeter-wave band. 
However, a perfect electrical contact between the waveguide 
blocks is needed as they are manufactured separately and then 
combined with each other, which makes the manufacturing 
and fabrication difficult and expensive [1]. The substrate 
integrated waveguide (SIW) has been proposed as an 
alternative to hollow waveguide, but the existence of 
dielectric still contributes to a relatively high transmission loss 
[2]. In recent years, a new transmission line structure called 
gap waveguide has been proposed by Per-Simon Kildal for 
millimeter-wave and terahertz applications [3], [4]. Till now 
it has been widely applied in designing array antennas [5], [6], 
filters [7] and other microwave components [8-10].  It is 
realized by two parallel metal plates, with periodic metal pins 
on the lower plate to work as an artificial magnetic conductor 
(AMC) and a smooth surface on the upper plate. There will be 
no wave propagation except along the ridges, grooves and 
microstrip lines under the circumstance that the distance 
between the top of pins and the upper plate is smaller than a 
quarter of wavelength [11], [12]. Since the electromagnetic 
waves are mainly propagating through the gap filled with air, 
there is no dielectric loss. Thus, the gap waveguide structures  
 
(a)                                            (b) 
Fig. 1. Half-height pin (a) Front and (b) side view. 
have the advantage of lower transmission loss compared to 
microstrip lines and substrate integrated waveguides, where 
waves propagate through dielectric materials. Meanwhile, the 
bottom and top layer of gap waveguides don’t need 
conductive connection. It makes the manufacturing and 
fabrication much easier and more cost-effective compared to 
hollow waveguides which need good electrical contacts. To 
further reduce the fabrication cost of gap waveguides, half-
height pin structure has been proposed [13]. Different from 
the conventional gap waveguides, it has periodic structures on 
both bottom and upper plates. In the meanwhile, the height of 
metal pins is only half of the previous developed pins, which 
makes the manufacturing easier [14], [15]. 
The unequal power divider is a vital component in many 
microwave systems. However, most of the conventional 
unequal power dividers are realized by transmission lines with 
a very high impedance which is determined by the width of 
the line [16-18]. As a result, they are hard to be manufactured 
especially for high frequencies. Based on the half-height pin 
structure, a novel unequal power divider is proposed and 
investigated in this paper. It is realized by an inserted 
conductor plate and the division ratio can be adjusted by the 
position of the inserted conductor plate. The section II gives 
the detailed description of the unequal power divider and the 
simulated results and then it is the conclusion in section III.  
II. DESIGNE OF THE UNEQUAL POWER DIVIDER 
A. The half-height pin gap waveguide 
Fig.1 shows the structure of the half-height pin. It consists 
of periodic metal pins on both sides of the conductor planes 
separated by a small air gap. For the first step, the parameters  
 
Fig. 2 Dispersion diagram of the half-height pin unit. 
of the half-height pin form should be properly selected to 
provide a suitable stop-band. The bandwidth of half-height pin 
versus various parameters has been investigated in detail in 
[14]. The CST Eigenmode solver is utilized to obtain the 
dispersion diagram of the unit cell as   shown in Fig. 2 with 
period 𝑝 = 2.8 mm , square pin width 𝑎 = 1.34 mm and 
height of the metal pins ℎ = 1.9 mm. To obtain a wide stop-
band of the half-height pin structure, the height of the air gap 
is chosen much smaller than a quarter of wavelength, which is   
𝑑 = 0.2 mm. The simulated stop-band is from 15.5 to 37.5 
GHz, which covers the frequency band of interest. 
B. The unequal power divider 
The configuration and detailed parameters of the unequal 
power divider is shown in Fig. 3. As shown in Fig. 3 (b), the 
unequal power divider can be divided into three parts. Part 1 
is the main part of the unequal power divider which 
determines the power division ratio. For mechanical 
feasibility, the conductor plate is printed on a thin dielectric 
substrate Rogers TMM3 with a thickness of 0.381 mm and 
dielectric constant 3.27. The power division ratio can be 
adjusted by the location of the conductor plate. A larger ratio 
of ℎ2/ℎ1  will contributed to a higher power division ratio. 
Here, the ratio of ℎ2/ℎ1 is about 2.1. The width w and height 
ℎ𝑟𝑖𝑑𝑔𝑒  of the ridge are 3 mm and 0.9 mm respectively. It 
should be mentioned that after the power is transferred into 
the bottom and top transmission lines separated by the 
conductor plate, the gap waveguide structures still provide a 
stop-band covering the working band in each guide. As shown 
in Fig. 4, the stop-band is from 14-44 GHz and 0-78 GHz for 
the bottom and the top guides respectively. In the meanwhile, 
no transition is needed at the interface of Part 1. The E-field 
distribution of Part 1 is shown in Fig. 5. It can be seen that 
waves in the bottom layer mainly propagates through the air 
instead of the dielectric substrate which guarantees a low level 
of transmission loss. Meanwhile, a phase discrepancy can be 
noticed from the E-field distribution. Therefore, a phase 
compensation is applied to obtain an in-phase output. 
Part 2 and Part 3 are transitions from single ridge 
waveguides to double ridge waveguides surrounded by half-
height pins. Stepped impedance matching structure is utilized 
for both Part 2 and Part 3. For Part 2, some metalized vias are 
added in the substrate and the distance 𝑑𝑖𝑠 from the vias to the 
border of the substrate is about 𝜆𝑔/4 to ensure an open circuit 
at the interface between the substrate and air, where 𝜆𝑔 is the 
length of the guided wave. 
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Fig. 3 Proposed unequal power divider (a) 3-D topology and (b) details of 
different parts (explosion views of Part 2 and Part 3). 
 
(a) 
 
(b) 
Fig. 4 Dispersion diagram of pin structures on (a) bottom and (b) top layer. 
(ℎ𝑝𝑖𝑛2 = 2 𝑚𝑚, ℎ𝑝𝑖𝑛1 = 1.602 𝑚𝑚)  
 
Fig. 5 Lateral view of E-field distribution of Part1. 
 
Fig. 6 Simulated S parameters of the unequal power divider. 
 
Fig. 7 Simulated output phase of the unequal power divider. 
C. Simulated Results 
The simulated S parameters of the unequal power divider 
are presented in Fig. 6. The reflection coefficient S11 is less 
than -20 dB from 26 to 32 GHz with 20.7% impedance 
bandwidth. The transmission coefficient S21  and S31  are 
about -1.86 dB and -4.78 dB respectively. Therefore the 
amplitude discrepancy between Port 2 and Port 3 is about 
2.92 dB which means a 1:2 power divider is obtained. As 
mentioned previously, some phase differences between Port 
2 and Port 3 will appear for the unequal power divider. To 
solve this problem, the route from Port 1 to Port 3 is 0.2 mm 
longer than the route from Port 1 to Port 2. The final 
simulated phases of S21  and S31  are shown in Fig. 7. The 
output phase are almost the same around 29 GHz and the 
maximum phase difference occurs at 26 GHz, which is about 
12°. 
III. CONCLUSION 
A novel unequal power divider based on half-height pin 
structure is proposed in this paper. The power division ratio 
can be easily controlled by the position of the inserted 
conductor plate. For mechanical feasibility, the conductor 
plane is realized by PCB technology which is printed on a 
Rogers TMM3 substrate. To verify the topology of the 
unequal power divider, a 1:2 power divider is designed. The 
simulated reflection coefficient is less than -20 dB from 26 to 
32 GHz with 20.7% impedance bandwidth. Phase 
compensation technique is applied to solve the phase 
discrepancy between the two output ports and the maximum 
of phase difference is below 12 degree. This unequal power 
divider provides a new method for unequal power divider 
design. 
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